A retrospective review of the clinical experience associated with the transjugular intrahepatic porto-systemic stent shunt procedure revealed that there was a potential for life-threatening critical incidents to occur. Adequate stabilization and facilities for advanced monitoring and resuscitation by skilled personnel are essential.
In patients with liver cirrhosis and gastroesophageal varices, massive bleeding can occur in 50% of patients with a mortality rate of 50% from each bleed 1, 2 . The risk of recurrent bleeding is 30% at six weeks and 70% at one year 2 . However, endoscopic sclerotherapy of the varices can control approximately 90% of the acute bleeding episodes. In recurrent haemorrhage, however, the failure rate of sclerotherapy is approximately 30%. Surgical portosystemic shunting is associated with a lower incidence of rebleeding (6%) compared with sclerotherapy 3 but has a higher operative mortality of about 10% (range 1-20%), and a risk of severe hepatic encephalopathy of around 30% (range 8-46%) 3 . The transjugular intrahepatic portosystemic stent shunt (TIPSS) is an innovative interventional radiological procedure which creates a communication between the hepatic and portal veins through the liver parenchyma with an expandable metallic stent and, therefore, is an attractive alternative to surgery 3 .
Although its clinical indications are evolving 3, 4 , TIPSS is used predominantly for the treatment of recurrent variceal bleeding. There is also an increasing use of TIPSS for the control of ascites refractory to medical treatment 4 . The anaesthetist is increasingly called on to provide either sedation or general anaesthesia in the radiology department for the TIPSS procedure.
This report reviews the clinical experiences associated with the TIPSS procedure and examines the role of the anaesthetist during this procedure.
METHODS
A retrospective analysis was conducted on the TIPSS procedure performed on 84 occasions in 72 patients with either recurrent variceal haemorrhage which failed to respond to endoscopic sclerotherapy, or with refractory ascites, between November 18, 1989 and May 22, 1995, with the approval of the institutional ethics committee. The data analysed included the preoperative status of the patient, anaesthetic management, intraoperative and postoperative problems associated with the TIPSS procedure.
Preoperative Care
The severity of hepatic dysfunction was assessed according to the Child-Pugh classification. Acute bleeding prior to TIPSS was managed, where appropriate, by endoscopic sclerotherapy with the addition of balloon tamponade if required.
The patients were transfused and stabilized where necessary and nursed in a high-dependency ward or intensive care unit depending on their general condition. Antibiotic prophylaxis (cefotaxime) was administered prior to the TIPSS procedure and continued for 24 hours. A duplex Doppler ultrasound was per-formed prior to the procedure to assess the patency of the portal vein.
Procedure
The TIPSS procedure was performed in the angiography room of the radiology department. After a preliminary mesenteric angiogram to delineate the anatomy of the portal venous system, a 10 Fr gauge introducer sheath (William A. Cook, Qld, Aust.) was passed into the right internal jugular vein (RIJV) and advanced into the right hepatic vein. A 16 gauge Colapinto transjugular needle was passed from the hepatic vein through the liver parenchyma into the portal vein. Through this needle, a guidewire was manipulated into the main portal vein. The tract from the hepatic vein to the portal vein was dilated to 10 mm with a balloon catheter and stents were placed along the length of the tract. A final angiogram was performed and pressure gradients measured to confirm the adequacy of the shunt.
Anaesthetic Management
As there was no protocol defined, the choice of the anaesthetic technique used was at the discretion of the attending anaesthetist. The details of the anaesthetic management, intraoperative and postoperative problems were reviewed from the patients' anaesthetic and hospital records. Patient monitoring included ECG, pulse oximetry, capnography, arterial pressure recording, and in selected cases, central venous pressure monitoring. In those patients already ventilated in the ICU, sedation, muscle relaxation and ventilation were maintained during the procedure. General anaesthesia or sedation was used in the remaining patients in the study. An anaesthetist was in attendance for all the procedures performed at our institution.
RESULTS

Patient Data
The TIPSS procedure was undertaken on 84 occasions in 72 patients of which 54 (75%) were male and 18 (25%) were female. In nine patients, the procedure was performed on two or more occasions. The mean age of the patients was 54 (SD±14.9, range 23-75) years. The aetiology of the cirrhosis and the indications for the TIPSS procedure are summarized in Tables 1 and 2 respectively. The mean duration of the procedure was 2.21 hours (range 1-4). The preoperative status of the patients is summarized in Table 3 . In one patient who underwent the TIPSS procedure on three occasions, his preoperative status deteriorated from Child-Pugh class B to C with the development of encephalopathy. Pre-existing medical problems are summarized in Table 4 .
Clinical Experience
All patients received cefotaxime one hour prior to the procedure and were otherwise unpremedicated. Twenty-six patients from the ICU, who had the TIPSS procedure performed on thirty occasions, were intubated and ventilated preoperatively, to protect the airway against pulmonary aspiration while an oesophageal balloon tamponade device (Linton or Minnesota tube) remained in place. For these 26 patients, ventilation, sedation and muscle relaxation were maintained and elective ventilation was continued after the procedure. In the semi-urgent and elective cases, the anaesthetic management is summarized in Table 5 .
Critical Incidents During the Procedure
The critical incidents encountered during TIPSS are summarized in Table 6 . Hypotension during the procedure was recorded in five patients, two due to continued variceal bleeding and in the other three, due to cardiac arrhythmias. Of these three with arrhythmias, two patients required urgent defibrillation, one for ventricular fibrillation and the other for rapid atrial fibrillation with hypotension. The cardiac arrhythmias were associated with the advancement of the sheath from the RIJV into the inferior vena cava. Two patients became acutely hypoxic, one due to a tension pneumothorax as a complication of right internal jugular vein cannulation, and the other due to a complete left lung collapse caused by a large pleural effusion. Ten patients required blood transfusion with packed red cells, and fourteen patients received fresh frozen plasma, six patients had platelet transfusion and one patient required cryoprecipitate to correct coagulopathies during the procedure. A subcapsular hepatic haematoma was recorded in one patient.
Postoperative Complications
Unplanned admissions to the intensive care unit occurred in five patients for continued ventilation as summarized in Table 7 . Problems encountered post-TIPSS are summarized in Table 8 was present in twelve patients before the TIPSS procedure. Encephalopathy developed in a further twelve patients post-TIPSS who were not previously encephalopathic. Pulmonary oedema was recorded in three patients. Signs of sepsis were detected in another three patients. Recurrent bleeding occurred in four patients within one week after the procedure.
DISCUSSION
Transjugular intrahepatic portosystemic stent shunt is an attractive alternative to surgical shunt formation in patients with recurrent bleeding from varices associated with liver cirrhosis 3, 5 .
There are a number of problems associated with anaesthesia for the TIPSS procedure. These include:
Preoperative condition of the patients
The patients presenting for this procedure often have a long history of hepatic dysfunction with associated coagulopathies and metabolic disturbances. Haemodynamic stabilization and protection of the airway against pulmonary aspiration are important in patients who are acutely bleeding. In patients with severe ascites, respiration may be impaired by the elevation of the diaphragm and the raised intra-abdominal pressure.
Working environment
In common with other radiological procedures, the anaesthetist is working in a darkened room with limited access to the patient, especially to the airway and the peripheral vasculature. Cardiopulmonary resuscitation can be difficult in this crowded environment.
Monitoring of the patient
Patient monitoring should include pulse oximetry, ECG, and arterial pressure recording as acute lifethreatening events such as cardiac arrhythmias can occur.
Radiological requirements
The patient is required to remain still for a prolonged period of time on an uncomfortable examination table. Large volumes of intravenous contrast solution may be used during the procedure and this can lead to renal dysfunction.
Postoperative Care
As complications such as pulmonary oedema, encephalopathy and sepsis can occur, the patients should be managed in a high dependency ward or intensive care unit depending on their clinical condition.
This study showed that patients presenting for a TIPSS procedure have moderate to severe liver dysfunction as a large proportion of them were in Child-Pugh class B or C. Further, in the situation of an acute bleed, the patients must be stabilized haemodynamically prior to transfer to the radiology department. Blood transfusion with control of bleeding using an oesophageal balloon tamponade device may be required. These patients may be electively ventilated to maintain the balloon in place and to prevent pulmonary aspiration. Another indication for ventilation is the presence of hypoxia secondary to sepsis or adult respiratory distress syndrome .
As acute life-threatening events such as hypoxia, cardiac arrhythmias and bleeding resulting in hypotension can occur during the procedure, close monitoring of the patient is required. The practice of the single operator radiologist without adequately skilled personnel to undertake monitoring and resuscitation of the patient should be discouraged. The procedure requires that the patient remains immobile. In our initial experience with these patients, only sedation was provided. However, it was difficult to keep the patient immobile and cooperative for such a prolonged period. Whilst many units recommend sedation 3 , our experience suggests that general anaesthesia would be preferred because of the long duration of the procedure and the possibility of life-threatening events occurring. Of these, cardiac arrhythmias frequently occur during manipulation of the catheter from the right internal jugular vein to the inferior vena cava. Although these arrhythmias are usually transient, ventricular fibrillation or rapid atrial fibrillation with hypotension can occur and urgent cardioversion may be required. Thus, cardiopulmonary resuscitation equipment including a defibrillator should be available in the radiological procedural room.
A tension pneumothorax may result as a complication of RIJV cannulation and this may lead to hypoxaemia requiring prompt pleural drainage. A careful assessment of the cardiac status of the patient is essential as the formation of the portosystemic shunt may worsen the hyperdynamic circulation associated with cirrhosis 3, 5 . Further, as large doses of intravenous contrast agents are used, renal failure can be precipitated by the procedure 5 . Indeed, rebleeding from the varices may occur during or after the procedure, and thus fluid resuscitation and protection of the airway may be required. Encephalopathy is the most common complication following TIPSS 3, 5 . In patients with mild encephalopathy before the procedure, severe cerebral oedema and coma can occur. Sepsis and adult respiratory distress syndrome may occur. Thus, close monitoring of the patients with these potential complications in mind should be undertaken in the period after the procedure.
In summary, caring for a patient undergoing the TIPSS procedure is a challenge to the anaesthetist. Adequate stabilization of the patient prior to the procedure is essential. Facilities for advanced monitoring and cardiopulmonary resuscitation should be available in the radiology room where the procedure is undertaken. An awareness of the physiological management of these patients and the incidence of the likely complications associated with the TIPSS procedure is essential to the anaesthetist as the procedure is becoming more popular in the treatment of recurrent gastroesophageal variceal bleeding.
